We have performed a replication of a previous study in order to further assess the effectiveness of Web-COBRA method, with the Web Objects measure, in predicting Web application development effort. The results of the empirical analysis confirm the interesting results of the previous study.
Introduction
In the field of Web Engineering many techniques have been proposed to predict the effort required for the development of an application, and among them Web-COBRA is of particular interest, thanks to its ability to combine experts knowledge with a formal estimation model [21] . Web-COBRA is an adaptation of COBRA [4] and the key issue of these two methods is to exploit experts' knowledge, gathered in a controlled way, for identifying the main factors that can influence the development cost for a specific software company/domain, and this information is used to "adjust" the estimations coming from a model that exploits a size measure as cost driver.
To date, the effectiveness of Web-COBRA has been assessed only in one previous study, which exploited a dataset of 12 Web applications, sized using Web Objects, a measure proposed by Reifer specifically for Web applications [20] . Web Objects add four new Web-related components to the five function types of the Function Point Analysis method [10] , namely Multimedia Files, Web Building Blocks, Scripts, and Links. The analysis performed in [21] provided interesting results and encouraged us to further analyze the effectiveness of Web-COBRA in combination with Web Objects. In particular, we have replicated that study in a different context, by considering a dataset of 15 bigger Web applications developed by an Italian software company.
The remainder of the paper is organized as follows. In Section 2 we report on the empirical analysis we performed together with a discussion of the gathered results. Section 3 contains a description of related work, while Section 4 concludes the paper giving final remarks and suggestions on future work.
Empirical Study
We start by describing the dataset employed in the empirical study and the differences with respect the dataset used in the previous analysis. Then, we report on the empirical analysis and discuss the results.
Dataset Description
The empirical study we present in this paper is based on a dataset coming from a medium-sized software company operating in Italy, whose core business is the development of enterprise information systems, mainly for local and central government. The company has about fifty employees and a turnover of about 5M € € . It is certified ISO 9001:2000, and it is also a certified partner of Microsoft and Oracle.
Data used in the study are related to a set of 15 Web applications, including egovernment, e-banking, Web portals, and Intranet applications. They have been developed by exploiting different Web-oriented technologies, such as J2EE, ASP.NET, etc... Oracle has been the most commonly adopted DBMS, but also SQL Server, Access and MySQL have been employed in some applications. Table 1 provides some descriptive statistics about the considered dataset, taking into account the size (in terms of Web Objects), the actual effort (in terms of personhours), and the peak staff (in terms of people involved in the project). Moreover, it also reports the statistics of the dataset considered by Ruhe et al. for the first assessment of Web-COBRA [21] . They used 12 Web applications, such as B2B, intranet or financial, developed between 1998 and 2002 by a small Australian software development company, with about twenty employees. The most of these projects were new developments, even if there were also enhancements, and redevelopment projects. The 15 Web applications considered in our replication are of the same kind, but they are more recent, being developed between 2003 and 2006. Other differences are related to the size of the applications and the size of the team. Indeed, in mean, the applications considered in this replication are 5.2 times bigger than the ones of Ruhe et al., in terms of Web Objects. Moreover, the development teams considered in this replication are in mean 2 times bigger than the ones of Ruhe et al.
The Empirical Analysis
In order to apply the Web-COBRA method, we first identified and quantified the cost factors and then we collected data from Web application involved in our case study.
Regarding the identification and quantification of cost factors, a large number of cost drivers may affect the development cost of software applications. To select the set of the cost drivers that result significant for the considered domain [4] , [21] , we drafted an initial list, basing on a review of the literature on Web effort/cost estimation, including the cost factors identified in [21] . This preliminary list was submitted to five experts of the software company involved in our empirical study. Then a Delphi method [14] was adopted until they agreed on the final set of cost drivers. They were asked to comment, basing on their experience, on the clarity of the factors (to avoid that different project managers could interpret them in different ways), on their completeness (to avoid that some key factors might not be considered), and on relevance for the Web application development domain, working also to reduce as much as possible redundancies and overlaps. A final list of 10 cost drivers was devised. They are reported in Table 2 . It is worth noting that this list includes four cost factors employed by Ruhe et al. in [21] : Novelty of Requirements, Importance of Software Reliability, Novelty of Technology, and Developer's Technical Capabilities. Then, the experts were asked to quantify the cost factors, specifying their minimal, most likely, and maximal inducted overhead (see Table 2 ). Again, a Delphi method was used to obtain a single representative triple for each cost factor. In the second step, the relationship between the cost overhead and the development cost was modeled by using the Ordinary Least Squares Regression (OLSR) and employing past data of the company. The information on the cost overhead for each project p was obtained by the sum of all the triangular distributions of cost factors of p, given their minimal, most likely, and maximal values indicated by project managers. In particular, for each cost factor, the project manager specified its influence on the Web application by means of a value in the range 0..3, where 0 means that no influence was due to that factor, and 3 represents the highest impact. The descriptive statistics of the cost factors are shown in Table 3 . 
The information on Effort, Size (expressed in terms of Web Objects), and co_overhead was then exploited to build an estimation model and validate it. Observe that Web-COBRA assumes that the relationship between effort and size is linear [21] . We performed the required statistical tests to verify this linearity in our dataset. Moreover, the size of a Web application was modeled as an uncertain variable, which underlies a triangular distribution, and an uncertainty of 5% was considered in [21] . Then, we applied a leave-1-out cross validation, by performing 15 steps, where at each step the original dataset was partitioned into a training set of 14 Web applications and a validation set consisting of the remaining application. The training set was used to determine the estimation model and the validation set to assess the obtained estimates. Moreover, we ran a Monte Carlo simulation (considering 1000 iterations) that allowed us to use the relationship between cost overhead and effort together with the causal model in order to obtain a probability distribution of the effort for the new project [21] . Then, the mean value of the distribution was used as the estimated effort value.
To evaluate the accuracy of the obtained estimations, we employed some widely used summary measures, namely MMRE, MdMRE, and Pred(0.25) [6] , together with boxplots of absolute residuals [13] . Table 4 contains the results we obtained, which highly fit the acceptable thresholds defined in [6] since MMRE (and MdMRE) values are less than 0.25 and Pred(0.25) value is greater than 0.75. This means that the mean error of the estimates we obtained is less than 25%, and that at least 75% of the estimated values fall within 25% of their actual values. As suggested by Mendes and Kitchenham [18] , we also compared MMRE, MdMRE, and Pred(0.25) with the mean of effort (i.e., MeanEFH) and the median of effort (i.e., MedianEFH) across all the dataset of past projects, as estimated value. The aim is to have a benchmark to assess whether the estimates obtained with Web-COBRA are significantly better than the trivial estimates based on the mean or median effort of all the previous projects. Indeed, if the estimates obtained with mean or median effort are similar to those obtained with the employed method then for the software company it could be more useful to simply use the mean or the median effort of the past developed applications rather than dealing with complex estimation techniques [18] . The results in Table 4 reveal that the values of MMRE and Pred(0.25) for MeanEFH and MedianEFH do not match the acceptance thresholds suggested in [6] . The boxplots of absolute residuals depicted in Figure 1 confirm that the estimations achieved by using Web-COBRA with Web Objects are better than those obtained using MeanEFH and MedianEFH. Indeed, the box length and the tails of the boxplot for Web-COBRA are smaller than those of boxplots for MeanEFH and MedianEFH. Furthermore, the median of boxplot for Web-COBRA is more close to zero than the other two boxplots.
Fig. 1. The boxplots of absolute residuals
As suggested in [13] , we also tested the statistical significance of the results obtained from the proposed models by using paired absolute residuals. To this end, we performed both the T-Test and the Wilcoxon test to verify the following null hypothesis: "the two considered population have identical distributions". The analysis revealed that the absolute residuals obtained using Web-COBRA and Web Objects were significantly better than those obtained using MeanEFH and MedianEFH.
To have an indication of the practical/managerial significance of these results we analyzed the effect size, which has many advantages over the use of tests of statistical significance alone since "whereas p-values reveal whether a finding is statistically significant, effect size indicates practical significance" [11] . Employing the Wilcoxon test and the T-test, the effect sizes was determined by using the formula: r = Z-score / sqrt(N), where N is the number of observations. The statistics on effect size revealed that all results statistically significant were also practical significant according to the widely used Cohen's benchmarks [5] . Indeed, medium effect sizes were highlighted (i.e., 50 < r <0.80).
Comparison with the Previous Case Study
As for comparison with the previous empirical study, in Table 5 we have reported the values of the summary statistics on the prediction accuracy obtained in the previous research on Web-COBRA [21] . We can observe that the MMRE and Pred(0.25) values we obtained are slightly better than those of [21] . Thus, the analysis reported in the present paper has confirmed the results of [21] showing the effectiveness of Web-COBRA in combination with Web Objects to estimate Web application development effort. Moreover, our results extend the ones in [21] , showing the scalability of the method. Indeed, as discussed in Section 2.1 the Web applications used in our empirical study have larger sizes than the Web applications used in [21] . Thus, our results suggest that Web-COBRA and Web Objects turn out to be good for estimating larger Web applications, too. 
Related Work
Besides Web-COBRA method and Web Objects measure, other approaches were proposed in the literature for estimating Web applications development effort. The COSMIC method [7] has been applied to Web applications by some researchers in the last years [9] , [15] , who exploited as estimation technique the OLSR. In particular, Mendes et al. applied the COSMIC approach to Web sites, i.e., without server-side elaborations [15] . Using data about 37 Web systems developed by academic students, they constructed an effort estimation model by applying OLSR. However, this model did not provide good estimations and replications of the study were highly recommended by Mendes et al. to find possible biases in the application of the method. Subsequently, the observation that dynamic Web applications are characterized by data movements (from a Web server to the client browser) suggested to apply the principles of the COSMIC method to size this type of Web applications [9] . An empirical study based on the use of 44 Web applications developed by academic students, was performed to assess the COSMIC approach [9] . The effort estimation model obtained by employing the OLSR provided encouraging results.
Some authors investigated the usefulness of size measures specific for Web applications such as number of Web pages, media elements, internal links, etc. [1] , [3] , [8] , [15] , [16] , [17] . Several studies were conducted to investigate and compare the effectiveness of these measures in combination with estimation techniques like Linear and Stepwise Regression, Case-Based Reasoning, Regression Tree, and Bayesian Networks [2] , [3] , [8] , [16] , [17] , [19] . In particular, in [16] a dataset of 37 Web systems developed by academic students was exploited and the empirical results suggested that Stepwise Regression provided statistically significant superior predictions than the other techniques when using length size measures, such as number of Web pages, number of new media. By employing the same dataset, in [17] the Regression Tree gave worse results than Stepwise Regression and Case-Based Reasoning, and the authors highlighted that the models obtained with Linear and Stepwise Regression generally gave statistically significant better results than CaseBased Reasoning and Regression Tree. On the contrary, a study exploiting a dataset containing data on 15 Web software applications developed by a single Web company (the ones also employed in the empirical study presented in this paper) revealed that none of the employed techniques (i.e., Stepwise Regression, Regression Tree, and Case-Based Reasoning) was statistically significantly superior than others [8] . Recently, Mendes and Mosley investigated the use of Bayesian Networks for Web effort estimation using the Web applications of the Tukutuku database [19] . In particular, they employed two training sets, each with 130 Web applications, to construct the models while their accuracy was measured using two test sets, each containing data on 65 Web applications. The analysis revealed that Manual Stepwise Regression provided significantly better estimations than any of the models obtained by using Bayesian Networks and is the only approach that provided significantly better results than the median effort based model. Baresi and Morasca proposed a different approach defining several measures on the basis of attributes obtained from design artifacts [3] . They reported on a case study, and two replications, conducted with students of an advanced university class, that highlighted the impact of some attributes, obtained from artifacts designed with W2000, on the total effort required for designing Web applications. It is worth noting that, in our empirical study, Web applications were not automatically obtained from design documents, thus our focus was on the effort to develop Web applications.
Abrahão and Pastor proposed the OOmFPWeb method [1] which maps the Function Points concepts into the primitives used in the conceptual modeling phase of OOWS, a method for producing software for the Web. In a recent work, an initial validation of the proposed size measure was described [2] .
Conclusions
In this paper we have investigated the use of Web-COBRA proposed in [21] for estimating Web application development effort. In particular, we have replicated a previous case study [21] , by applying Web-COBRA in combination with the Web Objects measure and exploiting data from 15 industrial Web applications developed by an Italian software company. The empirical analysis has not only confirmed the effectiveness of Web-COBRA and Web Objects in estimating development effort, but has also shown their ability to scale, dealing with bigger applications.
In the future, we intend to further assess Web-COBRA by considering a different contest. Moreover, we plan to apply Web-COBRA using COSMIC as size measure [7] . Indeed, Web-COBRA's authors suggested to employ COSMIC or Web Objects, however in [21] only Web Objects approach was used.
